Introduction {#S0001}
============

Electroconvulsive therapy (ECT) is associated with rapid clinical improvement for severe or refractory major depressive disorder (MDD), with a remission rate of 87%.[@CIT0001] Intravenous anaesthetic medication, such as propofol, ketamine, methohexital, and thiopental, is administered before ECT to minimize the induction of tonic-clonic seizure related adverse events and subjective unpleasantness.[@CIT0002] A recent meta-analysis found that ketamine combined with other anaesthetic agents could confer a short-term advantage in the improvement of depressive symptoms at the early stages of ECT.[@CIT0002]

The ketamine and propofol combination (ketofol) could be an alternative strategy to enhance the seizure quality and clinical efficacy of ECT.[@CIT0003] Notably, while ketofol is not an actual product, it has been used in previous studies.[@CIT0004] In stressed rats undergoing ECT, ketofol played an important role in enhancing antidepressant efficacy and ameliorating neurocognitive impairment.[@CIT0005] Wang et al found that ketofol was superior in improving depressive symptoms over propofol alone and was associated with fewer adverse events than ketamine alone, suggesting that ketofol should be considered as the first-choice anaesthesia in patients with MDD undergoing ECT.[@CIT0003]

The neurobiological mechanisms underlying the antidepressant effects of ketofol anaesthesia in ECT are complex and not fully understood. For example, in an animal study, ECT was reported to increase brain derived neurotrophic factor (BDNF) levels in the parietal cortex, hippocampus, neostriatum, entorhinal cortex, frontal cortex, and septum.[@CIT0006] However, another study found that plasma BDNF levels appeared to be an unsuitable candidate biomarker for predicting the antidepressant efficacy of ECT.[@CIT0007]

Numerous studies have implicated BDNF in the pathophysiology of MDD and the antidepressant response.[@CIT0008] Patients with MDD had lower serum levels of BDNF than healthy controls.[@CIT0008],[@CIT0009] A large number of prior studies,[@CIT0009],[@CIT0010] although not all of them,[@CIT0011] found that this deficit was reversed in those who obtained successful antidepressant treatment. Interestingly, remitted MDD patients showed elevated BDNF levels, that were negatively correlated with the severity of depressive symptoms.[@CIT0012]

A growing number of meta-analyses[@CIT0013]--[@CIT0015] consistently concluded that ketamine had rapid antidepressant effects in patients with treatment refractory depression (TRD). The antidepressant effects of ketamine could be attributed to its role in enhancing glutamatergic transmission by a chain of neurobiological events, such as a rapid increase in BDNF levels.[@CIT0016] However, the association between the rapid antidepressant effects of ketofol anaesthesia in ECT and the changes in serum levels of BDNF is unclear.

In the present study, patients with TRD were administered ketofol during ECT. We hypothesized that compared to healthy controls, serum levels of BDNF would be lower in patients with TRD and that the antidepressant effects of ketofol anesthesia during ECT would be correlated with increased serum levels of BDNF in patients with TRD.

Methods {#S0002}
=======

Participants and Study Procedures {#S0002-S2001}
---------------------------------

The study was approved by the ethics committee of the Affiliated Brain Hospital of Guangzhou Medical University (approval number: 2013020), and it was undertaken from February 2013 to December 2013. This study was conducted in accordance with the Declaration of Helsinki. All participants were recruited from the wards of the Affiliated Brain Hospital of Guangzhou Medical University and signed written informed consent before participation.

Adult patients (18--65 years) who fulfilled the diagnostic criteria of the International Statistical Classification of Diseases and Related Health Problems, 10th revision (ICD-10) for MDD with a current major depressive episode. As recommended by the previous study,[@CIT0017] TRD was defined as the failure to respond to at least two adequate antidepressant trials for more than  four weeks in the current episode. Furthermore, all TRD patients with severe depressive symptoms at screening, as determined by a 17-item Hamilton Depression Rating Scale score (HAMD-17) ≥ 20, were recruited.[@CIT0018] The exclusion criteria for this study were as follows: (1) any other serious mental disorder meeting ICD-10 diagnostic criteria, including schizophrenia, dementia, anxiety and personality disorders; (2) current organic brain disease or severe physical illness; (3) a history of seizures; (4) current alcohol or substance abuse; (5) lactating or pregnant; and (6) other contraindications for ECT or anaesthesia.

Thirty healthy individuals, who were matched for age and sex to the patients, were enrolled from the local community during the same period. None of them had serious physical diseases, or alcohol or other substance abuse/dependence except for nicotine.

Treatment {#S0002-S2002}
---------

The patients with TRD received ketamine plus propofol as anaesthesia during ECT. During the study period, they were not prescribed any antipsychotics or antidepressants. First, each subject was intravenously administered atropine sulfate (1 mg). Then, they received the combination of propofol (0.5 mg/kg) and ketamine (0.5 mg/kg) as anaesthesia. After the induction of anaesthesia, succinylcholine (1 mg/kg) was intravenously administered as a muscle relaxant.

The patients with TRD received consecutive bilateral ECT sessions three times a week for a total of 8 sessions using Thymatron ^®^ IV device (Somatics LLC, Lake Bluff, Illinois, USA). The seizure threshold of each recruited subject was calculated according to the half-age method (% energy=half the age).[@CIT0019] Vital signs, including blood pressure, were recorded before anaesthesia and 10 min after the ECT procedure.

Clinical Assessment {#S0002-S2003}
-------------------

Depressive and psychotic symptoms at baseline, after treatments two, four, and six (on the mornings of the next scheduled ECT) and 48--72 h after the last (treatment eight) treatment were assessed as measured by the HAMD-17 and the Brief Psychiatric Rating Scale (BPRS),[@CIT0020] respectively. Response and remission were defined as at least 50% reduction from the baseline HAMD-17 scores and HAMD-17 scores ≤7, respectively, following the methodology of a prior study.[@CIT0021]

Serum Levels of BDNF {#S0002-S2004}
--------------------

For the depression cohort, serum was collected, and the depression scales were administered at the same time points. For the healthy controls, a single serum sample was collected when the individuals were recruited in this study. Serum was collected and stored at −80 °C until analysis. Following the manufacturer's instructions, serum levels of BDNF were examined by enzyme-linked immunosorbent assay (ELISA) (BDNF Emax Immunoassay System, Promega, USA). BDNF levels were determined by absorbance at 450 nm wavelength using optical density values based on the standard curve values.

Statistical Analysis {#S0002-S2005}
--------------------

Demographics and clinical variables were compared between patients with TRD and healthy controls at baseline using the chi-square test, Fisher's exact test, Student's *t*-test, or Mann--Whitney *U*-test, as appropriate. Similarly, baseline demographics and clinical variables were compared between the remitters and non-remitters, who were defined based on the HAMD-17 scores after completing the last ECT treatment using chi-square test, Fisher's exact test, Student's *t*-test, or Mann--Whitney *U*-test, as appropriate. Serum levels of BDNF, HAMD-17 scores and BPRS scores were compared between remitters and non-remitters at each assessment time point using linear mixed model analysis. Pearson's bivariate correlation analysis was utilized to investigate the correlation between the reduction in HAMD-17 and BPRS scores and the change in serum levels of BDNF in patients with TRD. The level of significance was set at *p*\<0.05.

Results {#S0003}
=======

Participant Characteristics {#S0003-S2001}
---------------------------

At baseline, there were no significant differences in serum levels of BDNF between patients with TRD and healthy controls (*p*\>0.05) ([[Supplemental Table 1](https://www.dovepress.com/get_supplementary_file.php?f=248190.doc)]{.ul} and [[Supplemental Figure 1](https://www.dovepress.com/get_supplementary_file.php?f=248190.doc)]{.ul}). No significant differences were found between remitters and non-remitters with regard to sex, age, baseline HAMD-17 and BPRS scores, or baseline serum levels of BDNF (all *p*\>0.05) ([Table 1](#T0001){ref-type="table"}).Table 1Characteristics of the Remitters and Non-Remitters After ECTVariablesTotal Sample (n=30)Remitters (n=16)Non-Remitters (n=14)StatisticsN%N%N%*Х*^2^df*p*Male1240.0637.5642.90.110.77Employed2273.31381.3964.3---^a^---^a^0.42Married2376.71381.31071.4---^a^---^a^0.68MeanSDMeanSDMeanSDTdf*p*Age (Years)30.49.629.38.331.711.0−0.7280.50Baseline Serum levels of BDNF (ng/mL)23.36.122.96.923.75.2−0.4280.72Baseline HAMD-17 scores26.72.027.01.826.42.20.9280.38Baseline BPRS scores36.55.235.43.237.86.6−1.3280.22[^1][^2]

Treatment Remission and BDNF {#S0003-S2002}
----------------------------

The rates of response and remission were 100% (30/30) and 53.3% (16/30) after ECT treatment, respectively. A significant reduction in depressive symptoms ([Figure 1](#F0001){ref-type="fig"}) and psychotic symptoms ([[Supplemental Figure 2](https://www.dovepress.com/get_supplementary_file.php?f=248190.doc)]{.ul}) was found after ECT treatment. Serum levels of BDNF, baseline HAMD-17 scores and BPRS scores did not differ between remitters and non-remitters (all *p*\>0.05) ([Table 1](#T0001){ref-type="table"}). [[Supplemental Table 2](https://www.dovepress.com/get_supplementary_file.php?f=248190.doc)]{.ul} presents the comparison of serum levels of BDNF, HAMD-17 scores and BPRS scores between remitters and non-remitters at each time point.Figure 1Change in depressive symptoms following eight ECT sessions in patients with treatment refractory depression.**Notes:** \*Significant difference was found at indicated times when compared baseline (*p\<*0.05), ^\#^Significant difference was found between remitters and non-remitters at indicated times (*p\<*0.05).**Abbreviations:** ECT=electroconvulsive therapy; HAMD-17=the 17-item Hamilton Depression Rating Scale.

Linear mixed models were utilized to compare serum levels of BDNF, HAMD-17 scores and BPRS scores over time in remitters and non-remitters ([Table 2](#T0002){ref-type="table"}). Both HAMD-17 and BPRS scores showed significant main effects of group (HAMD-17 scores: F=18.2, *p*\<0.001; BPRS scores: F=5.2, *p*=0.03) and time (HAMD-17 scores: F=1289.1, *p*\<0.001; BPRS scores: F=202.4, *p*=0.03) ([Table 2](#T0002){ref-type="table"}). Serum levels of BDNF showed no significant main effects of group, time or group-by-time interaction (all *p*\>0.05) ([Table 2](#T0002){ref-type="table"}). No significant difference in serum levels of BDNF between remitters and non-remitters at any of the assessment time points was found (all *p*\>0.05) ([Figure 2](#F0002){ref-type="fig"} and [[Supplemental Table 2](https://www.dovepress.com/get_supplementary_file.php?f=248190.doc)]{.ul}). Similarly, no significant difference in serum levels of BDNF was found at any assessment time point when compared with baseline (all *p*\>0.05) ([Figure 2](#F0002){ref-type="fig"}).Table 2Comparisons of Serum Levels of BDNF, HAMD-17 Scores, and BPRS Scores Between Remitters and Non-Remitters Using Linear Mixed Model AnalysisVariableGroup-by-Time InteractionTime Main EffectGroup Main EffectF*p*F*p*F*p*HAMD-17 scores8.3**\<0.001**1289.1**\<0.001**18.2**\<0.001**Serum levels of BDNF0.80.512.80.050.50.48BPRS scores1.80.19202.4**\<0.001**5.2**0.03**[^3][^4] Figure 2Change in serum levels of BDNF following eight ECT sessions in patients with treatment refractory depression.**Notes:** No significant difference was found at any of the indicated times when compared to baseline across the total sample, even among remitters and non-remitters; no significant difference was found between remitters and non-remitters at any of the indicated times (*p\<*0.05).**Abbreviations:** ECT, electroconvulsive therapy; BDNF, brain-derived neurotrophic factor.

Relationship Between Serum Levels of BDNF and Symptom Severity {#S0003-S2003}
--------------------------------------------------------------

Baseline serum levels of BDNF were not significantly correlated with baseline HAMD-17 (r=−0.01, *p*=0.95) or BPRS (r=0.27, *p*=0.16) scores. Similarly, no significant correlations were found between serum levels of BDNF and either HAMD-17 (r=0.01, *p*=0.98) or BPRS (r=−0.01, *p*=0.96) scores after ECT. Changes in serum levels of BDNF were not significantly correlated with changes in the HAMD-17 (r=−0.08, *p*=0.69) or BPRS (r=0.15, *p*=0.42) scores ([[Supplemental Table 3](https://www.dovepress.com/get_supplementary_file.php?f=248190.doc)]{.ul}).

Discussion {#S0004}
==========

To the best of our knowledge, this is the first study to examine whether BDNF is involved in the antidepressant effects of ketofol in ECT. The main findings included the following: 1) there were no significant differences in serum levels of BDNF between patients with TRD and healthy controls; 2) patients with TRD had a significant improvement in depressive and psychotic symptoms after the ECT course; 3) when compared to baseline, serum levels of BDNF showed no significant change at any time point across the entire sample, among both remitters and non-remitters; and 4) no significant association was found between serum levels of BDNF and the change in illness severity.

A perennial question among researchers is whether it is more correct to measure BDNF levels in plasma, serum or whole blood. BDNF is known to be stored in human platelets and to circulate in plasma,[@CIT0022] but BDNF concentration in plasma is affected by the handling of the blood sample, and it is released upon platelet degranulation. Thus, circulating BDNF is usually measured in the serum. For example, Naegelin et al found that BDNF levels can be reliably measured in human serum, and that these levels were quite stable over one year.[@CIT0023] Several meta-analyses have found reduced serum levels of BDNF in patients with MDD compared to healthy controls,[@CIT0024],[@CIT0025] suggesting a role of BDNF as a state-dependent biomarker of MDD.[@CIT0025] Notably, dissimilar classes of antidepressants[@CIT0026] or nonsteroidal anti-inflammatory drugs[@CIT0027] resulted in different regulation of serum BDNF concentrations. Thus, in this study patients with TRD were in a drug-free state during the period of ECT, focusing on the potential correlation between serum levels of BDNF and the antidepressant effects of ECT.

Numerous studies have investigated the effect of ECT on serum levels of BDNF in patients with MDD.[@CIT0022],[@CIT0028]-[@CIT0033] Consistent with our findings, earlier studies also found that ECT could not alter serum levels of BDNF, despite decreasing depression severity.[@CIT0028]--[@CIT0031],[@CIT0033],[@CIT0034] This indicates that ECT probably does not share a common mechanism of action as antidepressants in the improvement of depressive symptoms for patients with TRD.

Elevated[@CIT0035] and decreased[@CIT0036] serum levels of BDNF have also been reported after ECT treatment. Changes in the plasma level of BDNF occur rapidly, and complete plasma/brain BDNF turnover takes approximately 6 min.[@CIT0034],[@CIT0037] Thus, a possible explanation for this conflict could be attributed to the difference in the timing of blood sampling. Increases in serum levels of BDNF were found 5 weeks after starting ECT[@CIT0038] and during the treatment period;[@CIT0039],[@CIT0040] in other studies, the timing of the sampling varied from 1 day after ECT treatment to 1 month after the completion of ECT treatment.[@CIT0038]--[@CIT0043] These findings indicated that increased serum levels of BDNF are not precocious but may take some time after completing the last ECT treatment.

In this study, a significant reduction in psychotic symptoms was found after ECT treatment. However, ketamine administered at a subanaesthetic dose could alleviate depressive symptoms in patients TRD within hours,[@CIT0044] and was associated with psychotomimetic effects, such as hallucinations.[@CIT0045] The most common side effects associated with ketamine are nausea, vomiting, dizziness, dysphoria, diplopia, drowsiness, and confusion.[@CIT0046],[@CIT0047] Ketamine is also contraindicated in those patients who have underlying conditions such as aortic dissection, uncontrolled hypertension, myocardial infarction or aneurysms, in which increased blood pressure would pose a risk of complications.[@CIT0048],[@CIT0049] Thus, concerns persist with regard to the safety and feasibility of prolonged use of ketamine.[@CIT0044]

The following limitations of the present study should be noted. First, the number of subjects was relatively small, partly explaining the negative results of this study. Second, all patients with TRD were hospitalized in a psychiatric hospital, limiting the generalizability of these findings to other facilities, such as outpatients facilities or the psychiatric wards of general hospitals. Third, none of the patients with TRD in this study were prescribed any antipsychotics or antidepressants during the study period, limiting the generalizability of these findings in clinical practice. Fourth, in this single-arm, open-label study the lack of a control group was another limitation due to the impact of subjective evaluation. Finally, data from the follow-up period were not collected, limiting our capacity to investigate whether it may take some time for serum levels of BDNF to increase after ECT treatment.

Conclusion {#S0005}
==========

Our results indicate that serum levels of BDNF did not represent a suitable candidate biomarker for determining the antidepressant effects of ketofol during ECT for patients with TRD. Further studies with larger sample sizes are warranted to confirm these findings.
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==========
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[^1]: **Note:** ^a^Fisher's exact test.

[^2]: **Abbreviations:** BDNF, brain-derived neurotrophic factor; BPRS, the Brief Psychiatric Rating Scale; df, degrees of freedom; ECT, electroconvulsive therapy; HAMD-17, the 17-item Hamilton Depression Rating Scale; SD, standard deviation.

[^3]: **Note:** Bolded values are *p*\<0.05.

[^4]: **Abbreviation:** BDNF, brain-derived neurotrophic factor; BPRS, the Brief Psychiatric Rating Scale; HAMD-17, the 17-item Hamilton Depression Rating Scale.
